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In the paradigm of "Crawford-type masking" or "masking by light", the size of masking by 
stimulus flash onset is usually larger than 'that by flash offset. But Maruyama and Takahashi (1977) 
reported that the order of the magnitude of these two masking was reversed when the intensity of the 
conditioning (masking) flash was just above threshold. The present work was carried out with the 
aim to measure the effects of flash duration on this phenomenon, 
Three graduate students, including the author himself, participated in the expetiment, and the 
results were obtained which confirmed the finding of Maruyama and Takahashi, when the conditioning 
flash was long enough, but when it was relatively brief, some phenomena were observed which were 
inappropriate to be interpreted in terms of visual masking. 
Key words: increment threshold, masking by light, on-and off-transients, temporal 
summation, inhibition, 
INTRODUCTION 
Since Crawford's well-known work in 1947, many researches have been carried out on 
"masking by light." In this experimental paradigm, increment threshold to a small and brief 
flash superposed upon a large "conditioning" (masking) flash (CF) shows complex changes 
when the latter suddenly changes in luminance from low to high and vice versa. The most 
striking phenomenon is the presence of overshoots of the increment threshold curve (the 
masking function) at about the temporal points of luminance change of the CF. 
Some researchers investigated the effect of CF intensity, i. e., the size of luminance change 
of the CF, and showed that the magnitude of bot,h overshoots of the curves at about the 
temporal points of luminance increase (the "onset") and decrease (the "offset") of the CF 
decreased as the intensity of the CF is lowered. But in such studies on-overshoots or on-
transients were always far larger than off-overshoots and the luminance of the CFs were 
relatively high. Maruyama and Takahashi (1977), however, using a CF slighdy above the 
brightness diffetent threshold, reported that threshold rose more at the offset than at the onset of 
the CF on such a low temporal contrast level (Figure 1). But they used a CF of only one 
duration (250msec). 
The present work forms a part of studies aimed to verify Maruyama and Takahashi's 
results and was planed to measure the influence of duration of the CF. 
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Fig. 1. Increment threshold "ul'ves (masking funetions) for 250msee CF. 
Parameter is CF intensity: 15. 7td (supraliminal level 1: circles) alld 4. 
7td for subject KM or 6. 3td for subject MT (supraliminal level 2: 
squares) and 2.4td (liminal level: triangles). (from Maruyama & 
Takahashi. 1977) 
METHOD 
Subject.s: Three graduate students of Tohoku University (TT, TM and YN) served as 
subjects. Subject TT was the author himself. TM and YN were naive as to the purpose of 
the study. All subjects were well trained in psychophysical experiment, and had corrected - to-
normal acuity. 
Apparatus and Stimuli: Stimuli were presented by a two -channel Maxwellian -view 
optical system that used glow modulator tubes (Sylvania Type R1131C) as individual light 
sources for each channel. One channel provided the adapting background and the 
conditioning flash (CF) .. and the other o?e the test flash (TF). Glow modulator tubes were 
constantly operated at 25mA. and always provided the quiescent current (about 10,uA) to 
keep the gasses within the tubes ionized and to improve the reliability of operation. The 
output from these tubes were continuously monitored by photomultipliers and a calibrated 
oscilloscope. 
The background and the CF were of equal size (1.72° in diameter) and when the CF was 
presented, both fields were spatially coincident. The TF was 11 circular spot subtending 0.86° , 
which was optically superimposed on the center of the CF and foveally viewed. The central 
fixation was secured by employing a cross- hair reticle across the background field. All stimuli 
were presented to the subject's dominant eye (a right eye for subjects TT and YN, and a left 
eye for TM). 
The background field and the CF were generated by "the method of frequency-
modulation of glow train" (Maruyama, 1976). By feeding a rectangular pulse of 
predetermined duration from a pulse generator into a voltage-to-frequency converter (VCF) , 
rectangular carrier pulses of 700Hz were frequency-modulated in correspondence with the 
input voltage. Then this pulse train triggered a single-shot and a switching transistor to get a 
modulated train of 0.055msec rectangular pulses, which drove a glow modulator tube. As the 
frequency of the glow train was far beyond CFF. stimulus brightness changed in proportion to 
the frequency change. When no input was fed into the VCF, its output was of course 700Hz, 
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and then the retinal illuminance of the stimulus was preset at 31.4 td by placing neutral density 
filters in the optical path. For the input of a + 3.5V pulse, a pulse train of 1050Hz was 
produced, which generated retinal illuminance of 47.1td. Similarly, + 0.54V pulse produced 
a 750Hz pulse train, generating retinal illuminance of 33.3td. Therefore, the intensity of the 
background field was 31.4td, and that of the CF was 15.7td (supraliminal level) or 2.4td 
(liminal level). The liminal level of CF was set at about 0.1 to 0.310g units above the 
individual subject's brightness different threshold for the background field. 
Eleven different CF durations (5, 50, 60, 70, 30, 90, 100, 150, 200, 250, and 500msec) 
and two intensity levels (15.7td and 2.4td) were used in the experiment. The TF was a light 
pulse of lmsec, and was presented from the other channel at various temporal points before, 
during, and after the CF. The CF -TF sequences were presented once per 5 seconds to avoid 
gradual increasing in the increment threshold on repeated trials. Thresholds were taken by the 
method of adjustment. Subjects changed the luminance of the TF by manipulating the knob 
of the synchronous motor controller. This motor drove the circular neutral density wedge, 
which was mounted on the shaft of a potentiometer, and the experimenter could know the 
actual position of the wedge by reading out on a digital voltometer connected to the 
potentiometer. This system is basically that of Carpenter (1974). After each threshold 
setting, the wedge was offset in a quasi-random fashion. 
Timing of stimuli was controlled by electronic pulse generators (NIHON KOHDEN EP-
6011) . And luminance calibration of the stimuli was made by comparing the stimulus fields 
with standard fields of known luminance by the method described by Boynton (1966). 
Procedure: Subjects were seated in a light-proof, ventilated room, and first dark adapted 
for 15min, then light-adapted to the adapting background luminance level (31.4td) for about 
5min before the experiment. 
Each session began by determining the increment threshold of TF when presented without 
the CF (the "resting threshold"). The resting threshold was measured at the end of a session, 
too. 
In one session, only one duration condition was tested, but both intensity conditions 
(supraliminal and liminal) were included. For each condition, the intervals between the onset 
of the CF and that of the TF were set in random order, and five thresholds were taken at a 
given SOA. For one duration condition, two sessions were run. 
RESULTS 
Figure 2 shows increment threshold curves (masking functions) for subject TT. 
Measurement under several CF duration conditions was also made for other subjects, and their 
results are shown in Fig. 3 and Fig. 4, respectively. 
In Fig. 2 to 4, relative TF intensity at threshold are represented in log td along the 
ordinate, and the intervals between the CF and the TF are shown in terms of stimulus onset 
asynchrony (SOA) in msec on the abscissa. The relative threshold values are estimated by 
subtracting the resting threshold, that is, increment threshold measured when the CFs are not 
presented, from the absolute TF thresholds. For TT, 11 families of curves are given, one for 
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Fig. 2. Increment threshold curves (masking functions) for two intensity levels from subject 
TT. Circles for 15. 7td (supraliminal level) and triangles for 2. 4td (liminal level). 
The relative threshold for the TF is indicated along the ordinate in log td, as a 
function of CF -TF interval on the abscissa. See text. 
each of the 11 durations of CF as indicated. For each duration, two individual curves are 
presented : the circles show increment thresholds for supraliminal CF and triangles for liminal 
CF. But exceptionally for 5msec condition threshold measurements were made only for the 
liminal CF, which needed 21.3td (700Hz--+1175Hz) to be slightly above the increment 
threshld of the CF itself for the adapting background field. 
When intensity of the CF is supraliminal level, all the increment threshold curves are 
congruent with previous works with foveal stimulation (Crawford, 1947 ; Ikeda & Boynton, 
1965 ; Matsumura, 1976, 1977). That is, 100msec or less before the onset of the TF, the TF 
threshold begins to rise, and reaches a peak (an on-transient) near the onset of the TF (at 
about 10msec delay). Then the threshold drops gradually and if the duration of the CF is 
relatively long, it rises again to form a peak (an off-transient) at about the CF offset (at 20-
30msec after the CF is turned off), following a rapid drop of TF threshold. The on-transients 
are always larger than the off-transients. A trough of the curve sometimes appears at about 
100msec or less before the CF offset as Baker, Doran, and Miller (1959) where CF was long 
enough. And the threshold curves for the CF of middle duration (200msec and 250msec) 
sometimes have a crest at about 100msec to 150msec after the CF onset. 
As is mentioned above, when the intensity of the CF is relatively high, i. e., on a 
supraliminal level, the increment threshold curves are essentially comparable with one another 
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Fig .. 3. Increment threshold curves from subject TM. Presentation as in Fig. 2. 
more from the trailing phase of the on -transients as the CF durations are increased to about 
100msec. 
When the intensity of the CF is extremly low, i. c., on a liminal level (but not subliminal 
level), however, the forms of curves are quite different from the functions of "masking by light" 
usually reported. For the CFs longer than about 100-lS0msec the threshold curves have their 
on - and off .. transients at about CF onsets and offsets, respectively, but the magnitude of these 
transients are in reverse order : off-transients are more prominent than on-transients. In 
addition, the peak of on - transients occur at about 30 -40msec after the CF onset, which delays 
by 20-30msec in comparison with the curves with a higher luminance CF and spreads in time, 
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Fig. 4. Increment threshold curves from subject YN. Presentation as in Fig. 2. 
but the peak latency of the off-transients for the small change in the CF luminance is as long as 
that for the larger one (about 20msec after the CF offset), and its shape is almost invariant. 
In this case, the trough just before the CF offset and the peak in the middle of 200 and 
250msec CF are also noticed, and more pronounced for all subjects. 
Threshold curves obtained with the CF shorter than about 100msec are still more 
different. That is, the threshold during CF exposure is lower than the resting threshold, and as 
a temporal position of the TF is away from the middle of CF exposure the threshold reaches its 
peaks at about 20-50msec before and after the CF, then it drops to about the resting level. 
The two peaks appear to be approximately as high as each other. These peaks and trough 
350 
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decrease in magnitude as the duration of CF is increased to 100msec or so for TT, but this 
tendency is not clear for the other two subjects. 
DISCUSSION 
It has been often reported in previous studies of "masking by light" in foveal vision that 
the magnitude of the masking effect indicated by the abrupt change (overshooting) of the 
increment threshold is larger for CF onset than for CF offset2 (Crawford, 1947; Ikeda & 
Boynton, 1965; Matsumura, 1976, 1977), even if CF is changed in luminance. But 
Maruyama and Takahashi (1977) showed that when the CF of 250msec was lowered ih 
intensity extremly, i. e., to the level just above the brightness different threshold, the rise of the 
threshold induced by CF offset was larger. 
In this work the result obtained by them was confIrmed and extended, but at the same 
time, it was also found that this phenomenon was dependent on the exposure duration of the 
CF. With shorter CFs (100-150msec), the threshold curves were quite different. 
H.D.Baker and R.M.Boynton have stated or suggested in their monographs respectively 
that an indirect record of "on -responses" in the human visual system to the onset of a light 
stimulus can be produced by "the conditioning stimulus-test flash technique" (Baker, 1949, 
1955, 1963; Boynton, 1958; Boynton & Kandel, 1957; Boynton & Siegfried, 1962). And 
they also suggested that "off-responses" in the human visual system to the offset oflight may be 
revealed by the same method (Baker, 1953, 1963; Baker, et al., 1959; Boynton & Kandel, 
1957; Ikeda & Boynton, 1965). 
If we understand the phenomenon that increment threshold rises more at about the onset 
of a stimulus than at about the offset of the same stimulus when stimulus intensity is high 
enough after their suggestion, then the size of the underlying physiological on-and off-responses 
should be in the same order. But Stelmach, Bourassa, and Di Lollo (1984, 1987) found that 
at suprathreshold levels the extent of interaction between on-and on-responses was larger than 
that between on-and off-responses. In general, however, it has been shown that neuronal 
responses in the visual system are larger for on -center units (de Valois, Jacobs, & Jones, 1962; 
Jacobs, 1965, 1966; Krueger & Fischer, 1975; Snigula & Gruesser, 1968), which is in accord 
with psychophysical results reported here. Therefore, if the fmdings that a brief light flash, e. g., 
1msec TF in the present work, produces on-responses only, but not off-responses 
(Baumgartner, 1955; Efron, 1973; Scheich & Korn, 1971; Serviere, Miceli, & Galifret, 1977), 
and on-and off-pathways are separated in the visual system before the striate cortex (Schiller, 
1982, 1984; Schiller, Sandell, & Maunsell, 1986; Slaughter & Miller, 1981) are taken into 
account, the theory of Baker and Boynton mentioned above can be applied to the explanation 
about the on-transients in the masking functions. But in the case of the interaction 
betweenon-and off-responses reflected in the off-transients in the masking functions, it might 
be more appropriate to take this phenomenon that some mechanism as reciprocal lateral 
2. In some of the studies of visual masking made with sinusoidal gratings (patterned stimuli). however. 
such results were not always obtained (Green. 1981 ; Kitterle. Beasley. & Berta, 1984 ; Mitov. V assilev. 
& Manahilov. 1981). 
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inhibition shown in the LGN of the cat by Singer and Creutzfeldt (1970) (see also Jung, 
1961) also acts in the human visual pathway than that the off-responses to the offset of CF 
interfere with the on-responses to TF in the same channel. Kawabata (1963), however, has 
found that some phenomena which might correspond to the psychophysical on -off interaction 
occurred in the human ERG at the level of the bipolar cells in the retina. 
As the intensity of the CF decreases, both on -and off-transients in the threshold curves 
decrease, too, but the magnitude of decrease is essentially larger for the off-transients. And 
for the CF of liminal luminance the off-transients become more prominent. In the 
physiological studies, corresponding results have been reported (Bartlett & White, 1968; 
Hartline, 1938; Gordon & Graham, 1973). In this case, Fig. 2 to 4 show that the size of off-
transients are constant regardless of the duration of the CF. This suggests that a stimulus with 
such low intensity evokes the same magnitude of off-responses indifferent from its duration if it 
is long enough to produce significant off-responses. Such a result has been obtained by 
Brooks and Huber (1972) who found that activities of single off-center LGN neurons of the 
cat were not influenced by the exposure time of the stimulus so far as the luminance of the 
stimulus did not exceed a certain intensity level. 
So far, we have seen that when the CF was relatively long in duration, although the two 
threshold curves for the CF of the same duration were different from each other to some extent 
in several aspects, when one CF had supraliminal intensity and the other almost liminal 
intensity, they were anologous to each other qualitatively in that they had on-and off-
transients. When a CF was brief, one may be able to say that the . curves for the CF at 
suprathreshold intensity level resemble these curves in shape for the same reason. One should 
say, however, for a CF with nealy liminal intensity, that the threshold functions are quite 
different in quality. Turning now to this point. 
In this case, the increment threshold curves also have two peaks, but their temporal 
positions are not the same as those of on-and off-transients: they appear at about 50msec 
before and after the CF presentation. Moreover, they lower below the resting level during the 
CF exposure. From these phenomena, it can be inferred that on the very low intensity level 
some reaction differed from the simple interaction between on-and on-responses or on-and 
off-responses occurs in the visual pathway. Here, if we consider that the stimuli, i. e., TF and 
CF, are both relatively brief, and may be taken for light impulses, and their luminance is at 
most threshold level, we can say such a situation is similar to that of the "two-pulse threshold 
experiment" (Boynton, 1972), where both two stimuli are subliminal, and are the same 
duration and size. Thus the two peaks and a trough in the threshold curve in the present 
experiment can be understood as the signs of "inhibition" and "summation" (Ikeda, 1965) 
between TF and CF3, respectively. The" inhibition" reaches to the maximum at about 20 to 
50 msec before and after the CF, and these temporal positions are approximately in agreement 
with previous works using adapting fields in the similar luminance range (Blackwell, 1963; 
Herrick, 1972; Ikeda, 1965; Uetsuki & Ikeda, 1970). And similarly, the "summation" 
3. To be exact, tbe tenn "CF", i. e., "conditionimg flash", is inappropriate in tbis context. 
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reaches its peak in the middle of the CF exposure duration4. With parafoveal stimulation, 
Battersby and Defabaugh (1969) and Battersby and Schuckman (1970) also found the 
summation effect using the stimuli of different size or duration respectively, though the longer or 
larger stimulus was always at subliminal intensity level. And supraliminally, the perceptive 
effects which are analogous to these "summation" and "inhibition" were reported by 
Baumgardt and Segal (1946) using two squares of flash of different size as stimuli. 
As the duration of the CF increases, both summation and inhibition diminish in degree 
and the increment threshold curves come to have on-and off-overshoots when the CF is 
100msec or over in duration. This may mean that the temporal spread of the impulse 
response to the CF increases but its amplitude decreases with the duration of the CF. But the 
exact form of the temporal impulse response function IS difficult to specify. 
To answer this question more properly, it may be necessary to examine under the situation that 
the two flashes have the same duration. 
CONCLUSION 
In this study, it revealed that if a stimulus is at or slighdy above the threshold level, the 
visual responses which it produces depend upon the duration of the stimulus: off-response is 
characteristic of a long stimulus, whereas a brief stimulus evokes little or no significant off-
response. But the latter may produce the latent depression period after the excitatory response 
(Gruesser & Kapp, 1958 ; Scheich & Kohn, 1971), as Ikeda (1965) showed psychophysically, 
and thus the "inhibition" phenomenon appears in the present experiment. Judging from the 
above, it can be understood that the way of interaction between two light flashes is different 
according to their duration. Stimulus intensity is an important factor, too. When the 
duration of a stimulus is relatively long, emphasizing temporal changes of the stimulus is 
important for the visual system to process visual information and to adapt to the environment. 
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